This paper discusses the role of evolutionary computation in visual perception for partner robots. The search of evolutionary computation has many analogies with human visual search. First of all, we discuss the analogies between the evolutionary search and human visual search. Next, we propose the concept of evolutionary robot vision, and a human tracking method based on the evolutionary robot vision. Finally, we show experimental results of the human tracking to discuss the effectiveness of our proposed method.
INTRODUCTION
Evolutionary computation (EC) is a field of simulating evolution on a computer [1, 2] . Evolutionary optimization methods are fundamentally iterative generation and alternation processes of candidate solutions. The optimization is done by the multi-point search operating on a set of individuals, which is called a population. EC has been applied to optimization problems in dynamic environments, because the population can maintain the genetic diversity to adapt to the dynamic environment [3] .
Visual system can be discussed from the dynamic point of view since the visual image is changing over time. The visual systems including image processing can be divided into passive vision and active vision. In general, the passive vision is used for the focused information extraction toward a specific direction, while the active vision is used for the information extraction by updating the sensing direction and range in the vast area where the range of visual scene is restricted. In fact, the active vision is one of the main methods for the information extraction of an intelligent robot in order to extract perceptual information from the environment. To realize a visual perception system for a robot, we should take recent works of psychology into account, especially, sensation, perception, and attention [4] [5] [6] [7] [8] [9] [10] [11] . Based on the above discussion, we proposed the concept of evolutionary robot vision [12] . We discuss the relationship between the visual search and evolutionary search. The visual search controls the searching area based on the fast movement of attentive point. The region of interest (ROI) for the information extraction is deeply related with the search of geometrical features included in the visual target. The search results are reflected to the next visual search. On the other hand, the evolutionary search controls the searching area based on the selection pressure to candidate solutions. If the selection pressure is high, the candidate solutions are centralized toward the better candidate solutions. Otherwise, candidate solutions are globally distributed in the search space. The next search points in the evolutionary search are generated by crossover and mutation. The search in ROI is mainly performed by mutation and local search, while a new search point for ROI is generated by crossover. The degree of interest is calculated by the fitness value. If the fitness value is high, the focused search should be performed.
In this paper, we propose a steady-state genetic algorithm (SSGA) [13] based on local clustering to realize the continuous and real-time search for the robot vision like human visual perception in a dynamic environment. Next, we apply the proposed method to people tracking. The tracking problem of people or objects is significantly harder than that of a single person or object. The people tracking problem includes two problems of people detection problem in each image and a tracking problem of detected people over time. In previous works, people tracking problems have been mainly solved by appearance-based methods. Kalman filter, particle filters, genetic algorithms, particle swarm optimization, and others [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] have been applied in appearance-based methods. Furthermore, dynamic model of human movement is also applied to improve the accuracy of people tracking. These methods try to detect the features of human appearance, and to trace them over time, but there are problems on variability of appearance features and computational cost in the realtime people tracking. Therefore, we use only colors corresponding to human face and hair, and propose a local genetic algorithm based on clustering to realize the fast coarse search for people tracking.
People Tracking for Partner Robots

Partner Robots
We developed two different types of partner robots; a human-like robot called Hubot and a mobile PC called MOBiMac [17] [18] [19] in order to realize the social communication with humans. MOBiMac is composed of two CPUs used for PC and robotic behaviors (Fig.1) . The robot has two servo motors, four ultrasonic sensors on the sides, four light sensors on the bottom, a microphone, and CCD camera. The basic behaviors of the robots are visual tracking, map building, imitative learning, human classification, gesture recognition, and voice recognition [24] [25] [26] [27] [28] [29] [30] . In this paper, we apply the proposed method to realize the people tracking by the partner robots. 
Local Genetic Algorithm in Dynamic Environment
First, we discuss a method for the optimization and adaptation in a dynamic environment. Generally, it is very difficult to realize both optimization and adaptation in a real world problem. In order to perform the optimization, it takes much computational time and cost, but the environmental condition might change much. Therefore, the real-time adaptation should be done, but all the population should trace the local minima as much as possible in real-time adaptation, because the current best solution is not guaranteed as the best solution in future. We propose a local genetic algorithm based on clustering (LGAC) as a distributed search method based on local hill-climbing of clustered individuals (Fig. 2) .
Basically, each individual is composed of diploid, i.e., the self-best solution and candidate solution. If the fitness value of the candidate solution is larger than that of the self-best solution, the candidate solution is replaced with the self-best solution. In this way, each individual performs the elitist selection. We use the term of personal best or self-best that inspired from particle swarm optimization (PSO) invented by Eberhart and Kennedy [15] . Furthermore, we use the elitist crossover in the following updating rule;
where
is the locally best solution in a cluster; r 1 and r 2 , are uniform random value between 0 and 1.0; N(0,1) is a normal random value with average of 0 and 1.0, and ! 1 , ! 2 , and ! N are coefficients. Furthermore, we can use adaptive mutation as follows;
where f max and f min are the maximal value and minimal value of fitness values in a local cluster or the population; ! 1 and ! 2 , are coefficient and offset, respectively. The proposed method is similar to PSO, but in this paper, we explicitly use a mutation factor in order to trace local minima in a dynamic environment. We use the k-means algorithm [16] as a clustering method. The k-means algorithm is one of the most popular iterative descent clustering methods. The inputs to K-means algorithm are (x i,1 , x i,2 ,...,, x i,m ) of the ith candidate solution. The number of clusters is K. When the reference vector of the kth cluster is represented by r k = (r k,1 , r k,2 ,..., r k,2 ) , the Euclidian distance between the ith input vector u i = (x i,1 , x i,2 ,...,, x i, m ) and the kth reference vector is defined as
the reference vector minimizing the distance d i,k is selected by
where c i is the cluster number which the ith input belongs to.
After selecting the nearest reference vector to each input, the kth reference vector is updated by the average of the inputs belonging to the kth cluster. If the update is not performed at the clustering process, this updating process is finished. As shown in Fig. 2 , the number of local clusters should be larger than that of modalities in the dynamic environment. However, the change of fitness landscape is unknown beforehand. Therefore, we prepare the sufficient number of clusters. In this way, the genetic search is mainly conducted within a local cluster.
Figure 2. Search of LGAC in a Dynamic Environment; fitness landscape is depicted as monochrome gradation
Human Detection
Human detection is one of the most important tasks for partner robots. Pattern matching has been performed by various methods such as template matching, cellular neural network, neocognitron, and dynamic programming (DP) matching. In general, pattern matching is composed of two steps of target detection and target recognition. The aim of target detection is to extract a target from an image, and the aim of the target recognition is to identify the target from classification candidates. Since the image processing takes much computational time and cost, the full size of image processing to every image is not practical. Therefore, we use the reduced size of image to detect a moving object for the fast human detection.
Figure 3. A Candidate Solution of a Template used for Human Detection
First, the robot calculates the center of gravity (COG) of the pixels different from the previous image as the differential extraction. The size of image used in the differential extraction is updated according to the previous human detection result. The differential extraction calculates the difference of the number of pixels based on color difference between the previous and current images. If the robot does not move, the COG of the difference represents the location of the moving object. Therefore, the main search area for the human detection can be formed according to the COG for the fast human detection.
The area corresponding to human skin and hair colors is extracted by the proposed method, LGAC, based on template matching. Figure 4 shows a candidate solution of a template used for detecting a target. A template is composed of numerical parameters of
) , g i, 3 , and g i, 4 . The number of individuals is G. Fitness value is calculated by the following equation,
where C Skin , C Hair and C Other indicate the numbers of pixels of the colors corresponding to human skin, human hair, and other colors, respectively; ! 1 and ! 2 are the coefficients
Human Tracking
The human tracking is performed based on human candidates generated by LGAC for the human detection. Since LGAC extracts the area of skin colors and hair colors in the human detection, various objects except humans are detected. Therefore, the human tracking is performed according to the time series position of a human candidate
) . The number of human candidates obtained by LGAC is equal to the number of clusters. Therefore, several human candidates might correspond to a single person in the image (Fig.4 . The position of a human candidate in the human tracking X j,1 , X j,2 ( ) is updated by the nearest human candidate position within the tracking range as follows,
where λ is the updating rate. In addition, the width and height of the human candidate for the human tracking X j,3 , X j,4 ( ) are updated by the size of the detected human g i, 3 , g i,4
( ) , 
EXPERIMENT
This section shows experimental results of people tracking of a partner robot by the proposed method where the maximal number of humans is 12. In the experiment, the number of people is gradually increasing. The population size (G) of LGAC is 200, and the number of clusters (K) is 40. Figure 5 shows the snapshots in the experimental result of the original image, differential extraction, human tracking results by red boxes, and human detection results by green boxes corresponding to the best solutions in the local clusters. The number of tracked people in Fig.5 (a) is 8, but the actual number of people is 7, because the hand of upper right person is misdetected as a human face. The number of tracked people in Fig.5 (b) is 14 , but the actual number of people is 12, because the neck of upper left and lower right people is misdetected as a human face. Such a misdetection sometimes occurs, but we can improve this problem by using human facial landmark extraction in our previous research [19] . However, since the aim of the partner robots is not to track all people in the human tracking, but to track the near people for the communication with them. Of course, the precise people tracking is also very important, but the partner robots should perform various functions such as voice recognition and gesture recognition simultaneously. Therefore, the partner robots should perform the human tracking with less computational time and cost. 
CONCLUTION
In this paper, we proposed a local genetic algorithm based on clustering in order to improve the people tracking. We applied a steady-state genetic algorithm for the image processing over time in a dynamic environment. Furthermore, we applied k-means algorithm to divide the search area into subareas corresponding to multiple humans. The proposed method sufficiently performs the tracking of several people. However, the proposed method sometimes misdetects objects similar to skin and hair colors. In order to improve the performance of the human detection, we will incorporate an extraction method of the human facial landmarks into the human detection method [19] .
As another future work, we intend to apply the proposed method to the active control of the partner robot based on the natural communication.
